1 METHODS FOR THE TREATMENT OF | NSULI N RESI STANCE AND DI SEASE STATES
CHARACTERI ZED BY | NSULI N RESI STANCE FI ELD OF THE DI SCLOSURE ‘5 The present
disclosure is directed to nmethods for the treatnent and/or prevention of
insulin resistance and di sease states and conditions characterized by
insulin resistance, and nore particularly for the treatnent and/or
prevention of insulin resistance in skeletal nuscles via novel drug
targets, bionmarkers and gene expression. Such nethods nay be wused to treat
a subject suffering frominsulin resistance and a varjety of disease states
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subject’s response to the effects of insulin (i.e., insulin resistance), resulting in

dysregulation of glucose metabolism. There are two major forms of diabetes: Type 1
diabetes and Type 2 diabetes. Type 1 diabetes is typically an autoimmune disease
characterized by the loss of pancreatic B-cell function and an absolute or substantially

20  absolute deficiency of insulin production. In the US, ~5% of patients with diabetes suffer
from Type 1 diabetes. The remainder of the diabetic population (~95%) suffers from
Type 2 diabetes, which is primarily due to defects in one or both of two physiological
processes: 1) pancreatic insufficiency, a deficiency in secretion of insulin from the
pancreas in response to rising blood glucose levels such as following a meal; and, 2).

25  insulin resistance, the inability of target tissues of insulin action, primarily skeletal
muscle, fat and liver, to respond to the hormone. The result of these defects is elevated
blood glucose leading to glucose-mediated cellular toxicity and subsequent morbidity
(nephropathy, neuropathy, retinopathy, etc.). Insulin resistance is strongly correlated with
the development of Type 2 diabetes.

30 Insulin resistance is also associated with a number of disease states and conditions

and is present in approximately 30-40% of non-diabetic individuals. These disease states




and conditions include, but are not limted to, pre-diabetes and netabolic
syndrone (also referred to as insulin resistance syndrone) (1-3).

Pre-di abetes is a state of abnormal glucose tol erance characterized by
either inpaired glucose tolerance (IGI) or inpaired fasting glucose (IFG.
Patients with pre-diabetes are insulin resistant and are at high risk 5 for
future progression to overt Type 2 di dbetes. Metabolic syndrone is an
associ at ed cluster of traits that include, but is not limted to,
hyperlnsulln nE gl ucose tolerance, obesit redi stribution of
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20  transporter proteins (5). The effect of insulin on gene expression in human muscle has

not been extensively studied, and most prior studies focused on single genes or small
numbers of genes with a limited focus (6-8).

Therefore, insulin resistance is a component in the pathogenesis of multiple

human disease states and conditions including, but not limited to, metabolic syndrome,

25  pre-diabetes, polycystic ovary syndrome, type 2 diabetes, dyslipidemia, obesity,

infertility, inflammatory disorders, cancer, inflammatory diseases, Alzheimer’s disease,

hypertension, atherosclerosis, cardiovascular disease and peripheral vascular disease.

Treatment modalities that combat insulin resistance can be used to effectively treat and

prevent not only insulin resistance per se, but also disease states or conditions

30 characterized by insulin resistance. Since in normoglycemic (normal glycemic)

individuals skeletal muscle is responsible for approximately 80-95% of the glucose taken




3 up fromthe blood in response to insulin, insulin resistance in skeletal
muscle represents a prinmary target tissue for anti-diabetic therapies and
key source of candidate drug targets. SUVMARY OF THE | NVENTION 5 The
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blood. The present disclosure shows that insulin increases the expression of the MINOR
and TR3 genes and further shows that increased expression of the MINOR gene enhances
insulin-responsive glucose transport and enhances insulin-mediated recruitment of the
GLUT-4 glucose transporters to the plasma membrane. The present disclosure also
20 provides methods of diégnosing a susceptibility to insulin resistance and/or disease states
and conditions characterized by insulin resistance in an individual in need of such
diagnosis, such as for example Type II diabetes by detecting the activity and/or
expression of the MINOR and/or TR3 gene and its concurrent pathway. The present
disclosure also provides for methods to treat and/or prevent insulin resistance in a subject
25  in need of such treatment or prevention by activating the MINOR and/or TR3 pathway.
The present disclosure provides for methods to treat and/or prevent disease states and

conditions characterized by insulin resistance in a subject in need of such treatment or

prevention by activating the MINOR and/or TR3 pathway.
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BRIEF DESCRIPTION OF THE FIGURES




FIG 1 shows M NOR gene expression in human tissues. Northern blot analysis
was performed to exam ne M NOR gene expression in human tissues. Human

mul tiple tissue northern blot was purchased from Cl ontech (Palo Alto, CA)
and used as per manufacturer's instructions. Each of the | anes contai ned
MRNA fromthe specific human 5 tissue and the anount of each RNA blotted on
t he menbrane was nornalized with the @#- actin cDNA control probe. The probe
for detecting the M NOR gene hybridization signal was a 1 1 kb cDNA
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treated with 100 nMof insulin alone (control) or plus LY294002 (Pl 3
db/db mice and control mice (db/db designates an insulin resistant and diabetic mouse
model in which a defect in the leptin receptor is expressed; control mice indicate mice
20  that lack the deficit). Al results represent the mean + SE from three separate
experiments.
FIGS. 3A-3C show the effect of insulin stimulation on MINOR and TR3 gene expression
in 3T3-L1 adipocytes. FIGS. 3A and 3B show insulin induces the expression of MINOR
and TR3 gene expression in 3T3-L1 adipocytes. Fully differentiated 3T3-L1 adipocytes
25  were treated with 100 nM of insulin for up to 8 hours (treated) or 0 nM insulin (0 hour
control). The control and treated adipocytes were lysed and the mRNAs were extracted
for cDNA synthesis. Quantitative real-time PCR was used to measure expression of
MINOR (FIG. 3A) and TR3 (FIG. 3B) genes. Results represent the mean + SE from three
separate experiments. FIG. 3C shows inhibition of various signaling pathways decreases

30  insulin-stimulated MINOR and TR3 gene expression. Fully differentiated 3T3-L1i
adipocytes were treated with 100 nM of insulin alone (control) or plus LY294002 (P1I 3-




5 ki nase inhibitor), 5B203580 (p38 MAP ki nase inhibitor), Ro318220 (protein
kinase C inhibitor) for one hour. The control and treated adi pocytes were
| ysed and the nmRNAs were extracted for cDNAs synthesis. A quantitative
real -tinme PCR was performed for t detecting the expression |evels of M NOR
and TR3 genes. Results represent the nean 5 SE fromthree separate
experinents. FIGS. 4A-4D shows thi azobidi nedi ones (TZDs) stinmulate M NOR
and TR3 gene expression in 3T3-L1 adipocytes. Fully differentiated 3T3-LI
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Measurenments of 2-deoxy glucose transport were then performed (25).
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i nsul i n- shilnagl 2t &l Meﬂﬂfen@ﬁﬁr@ﬁgidﬂ@y glucose transport were then performed (25).
Results represent the mean +: SE from three separate experiments; p < 0.01 for comparing
insulin-stimulated control and insulin stimulated MINOR hyperexpressing cells.
20 FIGS.6A-6D show the effect of MINOR gene expression on insulin-mediated recruitment
of GLUT4 glucose transporters to plasma membrane. MINOR gene transduced 3T3-L1
fibroblasts and control LacZ transduced fibroblasts were grown on glass cover slips and
differentiated into adipocytes. Adipocytes were then stimulated for 30 min with (insulin-
stimulated) or without (basal) 100 nM of insulin. The adipocytes were then washed, and
25  disrupted by sonication leaving and plasma membrane sheets attached to cover slips
(plasma membrane lawn assay) (26). Plasma membrane associated GLUT4 was detectgd
using a polyclonal anti-GLUT4 antibody and a FITC-conjugated secondary antibody. (A)
basal LacZ expressing adipocytes; (B) insulin-stimulated LacZ expressing adipocytes;
(C) basal Minor expressing adipocytes; (D) insulin-stimulated Minor expressing
30  adipocytes.
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30 adi pocytes. DETAILED DESCRI PTION 6 The present disclosure describes the
di scovery of two novel candidate targets for pharnmaceutical intervention
from an exhaustive genom c study of over 100 skeletal ruscle biopsies from
normal and insulin resistant human donors. By assayi ng gene expression
profiles for over 12,000 human sequence probes (Affynetrix U95A) followed 5
by multivariate analysis of over 50 détailed clinical parameters for each
bi opsy (eg, whole body gl ucose uptake assessed by
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M NOR compounds are not without unwanted side-effects such as inducing weight gain in some

patients. The discovery of novel drug targets with related biophysical properties but
distinct function thus offers significant therapeutic potential. Moreover, the expression

20  profile of the protein products of the MINOR and/or TR3 genes described in this
disclosure may represent a biomarker used to assess the degree of insulin resistance in an
individual, either through direct assay of skeletal muscle or indirectly by measuring the
amount of a surrogate biomarker in blood which is itself regulated directly or indirectly
by the expression profile of these NHRs.

25 The present disclosure demonstrates that the MINOR and TR3 genes are insulin
responsive genes and that the MINOR and TR3 genes are differentially expressed as a
function of insulin resistance and Type 2 Diabetes in humans and a variety of well
characterized animal models. Furthermore, the present disclosure shows that MINOR
and TR3 have a functional role in increasing insulin sensitivity. Specifically, the present

30  disclosure demonstrates that: 1) MINOR expression is limited to insulin target tissues,

muscle and fat, while TR3 is also expressed in these tissues as well as being more




and TR3 have a functional role in increasing insulin sensitivity.
Specifically, the present 30 disclosure denonstrates that: 1) M NOR
expression is limted to insulin target tissues, nuscle and fat, while TR3
is also expressed in these tissues as well as being nore 7 ubiquitously
expressed; 2)-the expression of the M NOR and TR3 genes are consistently
decreased in nuscle fromrodent nodel § of insulin resistance, Type 2

D abetes, and obesity; 3) MNOR and TR3 are induced by insulin in 3T3-LI

adi pocytes. via signal ransm ssiqQn through netabolic pat hways, used in
nsul | n- REULPRY P@?ﬁ_ﬁ?cﬂﬁ Qrwateﬁl%ogtheﬁ_@i%ﬁai R3 gmes 3 Fégﬁﬁea_xa_ PKO) ;
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drugs in 3T3-LlI adi pocytes; 5) in lentiviral vector stably-transduced

adi pocyt @besty} $) MENORNaINCR3 e tralgesdohy inseliedt v T3ld rasinosyten i signal
sensitivi fQr. I i se_Lranspoert an N[ NOR
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the cell surface . of insylin-responsive t ypes. i.niti.on The terns
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adm ni stering a 15 conpound or pharmaceutical conposition) initiated prior
to the orseesitigly far stimuptean of sdyeaps wanspert ancaﬁ)slwweggﬂwfbﬁxmw@mﬂeaéﬁ so as
to prevent : - ¢l i cal j t I or
condi 1 ond SR EE ARG bRk TRl oot g HBRBARELERE 1

usef Ul0. THEIT4glusost trapsporrentrdteins to teatcéll aurthct bf Batlimgipasive sdiitypex. ei n refers
a course of 20 action (such as admi nistering a conpound or pharmaceuti cal
conposition) initiated after the onset of a clinical synptomof a disease
state or mgmeidnkon so as to elimnate or reduce a clinical nmanifestation
of the disease state or condition. Such treating need not be absolute to
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be useful. Thdhedems THCSEERN of PIEY BWT. mBFRAVENTES" | SEPPIABIOR n “SUBPETSS ad a
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of the disease state or condition. Such preventing and suppressing need not be absolute to
be useful.

The terms “treatment”, “treat” and "treating" as used herein refers a course of
20 action (such as administering a compound or pharmaceutical composition) initiated after
the onset of a clinical symptom of a disease state or condition so as to eliminate or reduce
a clinical manifestation of the disease state or condition. Such treating need not be
absolute to be useful.
The term "in need of treatment” as used herein refers to a judgment made by a
25  caregiver that a patient requires or will benefit from treatment. This judgment is made
based on a variety of factors that are in the realm of a caregiver's expertise, but that
includes the knowledge that the patient is ill, or will be ill, as the result of a condition that
is treatable by a method or compound of the disclosure.
The term "in need of prevention" as used herein refers to a judgment made by a
30 caregiver that a patient requires or will benefit from prevention. This judgment is made

based on a variety of factors that are in the realm of a caregiver's expertise, but that




The term"in need of prevention” as used herein refers to a judgnment nade
by a 30 caregiver that a patient requires or will beDefit from prevention.
This judgnment is nade based on a variety of factors that are in the realm
of a caregiver's expertise, but that 8 includes the know edge that the

patient will be ill or may becone ill, as the result of a condition that
is preventable by a nmethod or conpound of the disclosure. The term
"individual ", "subject"” or "patient" as used herein refers to any ani nal,

i ncl udi ng ma s, such as njice, rats, other rodents, rabbits, .dogs, cats,
swi ne, cgrecthrdg?%ﬁsh% e t‘ﬁﬂsgﬁf‘ega}ﬁe& will berdll @5 may hgcarpgyith &s twsqlb?fg% may
speci fy @BABHY thﬁﬁg?fe%erﬁﬁblp% B me®od o@%ﬁﬂnﬂ%d@hﬁ% ddeldserml . The term

"therapeutically effective anount” as used herein refers to an amount of a
conpound, eit g tapfiedigiduals, ‘subjaet’ oof' paticpti as measicherdin adfers dorpmysértiinaln, t hat
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need fot shepahasdsybeprintatéde albh@harsi The tefh endyepebifyi mdlelbi fendfabsortodijoe” as
used herein refers %o condition where a normal anmpunt of insulin is
unabl e t &% W$H@@€°é‘ﬁ%ﬁ%ﬂ] physi ol ogi cal or nol ecul ar response. In sone

cases, a hypernnp s MepiheGidalld TREGtve UmduRB U WBed 1RHGH réiSrs QY 86 achBEht4RI tS) ,
ei t her endogenouslg produced” or exogenously added, is able to overcone the
cY
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that is inv nsul n=rmedi ake % ucose fromthe bl ood.
Consilft edisemdetstatd dyi condiflOn.obwdrefiatti ead notte apsesend badbseficdsiur e shows t hat

insulin incregses the expression, of the MNOR and TR3. genes and further
Shows. hat | TS &t TBSEHR SSTRERe of 8 I HOR Goe: CuNHERCgErS & normal
i nsul i n- peRRANE iMsliglid GRbE IROERE htnodlsl BIHNBRERS drtsdlbdular FBgbAIe tn

recruitnment of the G.UT-4 g&ycose transporters to the glasnp menbrane. The
present @PHe|gslsy @ ypephypiplogicgb smpunt efetswis (Suh @p @aer 40Q)rpits)peiEigant

insulin resi I | { : t: d vention
by act | varrireng Ripfhihs 31 hdeholdl A8ER Shbie ff BreCorhd RGN R Bl

pr ovil@es bh sholeet hropkst 4nd prodse a biolqgiewspinseli sease states and conditions
‘characterized by insulin resistance in a subject in need of such treatnent
or prevention by activating the M NOR and/or TR3 pat hway. The di sease

st at es andiNg@mdad TRRAS i ncl ude,

The MINOR and TR3 genes are components of a general pathway that is invoived

in the insulin-mediated uptake of glucose from the blood. Consistent with this

20 observation, the present disclosure shows that insulin increases the expression of the
MINOR and TR3 genes and further shows that increased expression of the MINOR gene
enhances insulin-responsive glucose transport and enhances insulin-mediated recruitment

of the GLUT-4 glucose transporters to the plasma membrane. The present disclosure also
provides for methods to treat and/or prevent insulin resistance in a subject in need of such

25  treatment or prevention by activating the MINOR and/or TR3 pathway. The present
disclosure provides for methods to treat or prevent disease states and conditions
characterized by insulin resistance in a subject in need of such treatment or prevention by
activating the MINOR and/or TR3 pathway. The disease states and conditions include,

but are not limited to, metabolic syndrome, pre-diabetes, polycystic ovary syndrome, type

30 2 diabetes, dyslipidemia, obesity, infertility, inflammatory disorders, cancer,

inflammatory diseases, Alzheimer’s disease, hypertension, atherosclerosis, cardiovascular




but are not limted to, nmetabolic syndrone, pre-diabetes, polycystic ovary
syndrone, type 30 2 diabetes, dyslipidema, obesity, infertility,

i nfl ammat ory di sorders, cancer, inflammtory di seases, Al zheiner's

di sease, hypertension, atherosclerosis, cardiovascular 9 disease and

peri pheral vascul ar di sease. Activating the M NOR and/or TR3 pat hway
includes, but is not linmted to, incréasing the absolute |evels of the
products of M NOR and/or TR3 gene expression, increasing the expression

| evel or rate of the MNOR and/ gr TR3 genes, increasing the stability of
the pr odd{!ieééeofmqwﬂweaaﬁdfﬂwlaf Scgiasait bsVENORomdlen HE3 hBNPEv el s
and/ or aGh¢iMddsy bkt nBOlMRAEP ), dRrdERE HEd SbsBlutd REIVONER pradifisads MR enes,
increasing or decreasing the activity or expression of proteins downstream

of M NOR @ad®r dR3BREe prpressienMeNerRsing e sxprrdrdardhwaratoe! the YOMOReudiasn  of
any of t Oi: ch activati f. the M lor T a ys may
be achi %%%@gdil{r}%% % Iallenglltapl\élg{ Oge%gogéq&lt—soro %ﬁe%dé?rﬁg{g %CEI hods may
i ncl ude, daptessiore dlRringthd lenelt eddioo actpvigvihdipotypeptileeasduttd ef/tleSVINIOR NOR
and/ or TR3 ,ge xpression, . providing increased | evels of the Eog¥peptide
product s aaf‘f%m Rtf oPCTTEEIS Eh e"‘é’f&%?%é%? SRUVIEY Of (FEXPEEEEPh Pt BEPabi | ity

of the M{GRsRGEH of MIIRORIALS TRE ih RRININGKRLESSTRY pRthREY 61 SeorhtilitoRCt
nmet hods may include, but are not limted to, activatin downstr eam event s

in the M & dheo forquring a Piiasetivaipsholgband YR andoe ARS pattsvayh elapide, but

are not |j.m i ;0N Lohi bt | f i zZymes
that ar edcﬁﬁ%‘?ﬂbe#\%éeg{ E@nﬁjﬁ@eg{ﬁg 'o}r? %&Blfzh%lgégf)%? %ltocel%)l%g); %rc &2%3{1/1% %/ny be
i nvol Med noh limigdi &, i prgvitilng incehedi eatls refsliBNORS aaf/ort B3 MdieRxareddion, TR3

pat hway or .ant agoni zi.ng/ down-y equ] at i th i 0 i r es of the

N NOR andrariimaegei et R ph PolsRep i ratuedy Ob SR abBERR BitPough  he
adm ni st rexpte@floR)§ oR ikQeRfiar RCaubiligalof CRIPARIORO PG TIRIAS bis adr HRASt One

active ingredient or biologic or via the artificial induction of M NOR
and/ or TR3PE&HS PHduEte elsypBady My deghadeo bulsire ot Yenied to,| astivaiing

enbodi e rﬁown%@@alﬁ %&lﬁk NESHE fl\/ﬁl’h‘@Rpgrﬁﬁ&n tI‘Rg i ?ﬂl\ga“ rﬁgﬂ L(%b%gﬁﬁe{n? rev&ﬁ?,

treatnent of i1nsulin resistance 1 n a subject 1n-nee such treatnent. The
met hold ofinclgde, thue atermen limg o, the stimhlatist ep mbdfitiordehprofejisny eazwuds)tbatt i n

need of SL%é:hn Lealne B a%;cg_ _ '_n t he I\{IiNO? gnd/ or T 3,968 ltnhway. I'n
one. embodl e bmRBH Fis . " ndsE et en BBy mon v e Y
expr essi ofeditidghehdl dloRgidall/ aspoiSes genaie MINOR and/or TR3 pathway or
antagonizing/down-regulating the biological responses of the MINOR and/or TR3
pathway. = Any of the above may be accomplished through the administration of a -
20 pharmaceutical composition comprising at least one active ingredient or biologic or via
the artificial induction of MINOR and/or TR3 genes or the expression products of such
genes.
In one embodiment, the teachings of the present disclosure provide for the
treatment of insulin resistance in a subject in need of such treatment. The method of
25  treatment comprises the steps of identifying a subject in need of such treatment and
activating the MINOR and/or TR3 gene pathway. In one embodiment, said activation is
accomplished by increasing the expression of the MINOR and/or TR3 genes. In one
embodiment, such increased expression is accomplished by administering a compound or
pharmaceutical composition containing at least one active ingredient capable of
30  activating the MINOR and/or TR3 pathway. In an alternate embodiment, such increased

expression may be accomplished by introducing at least a portion of the MINOR and/or




enbodi nent, such increased expression is acconplished by adm nistering a
conpound or pharnmaceutical conposition containing at | east one active
i ngredi ent capable of 30 activating the M NOR and/or TR3 pathway. In an
al ternate enbodi nent, such increased expression nmay be acconplished by
introducing at |l east a portion of the M NOR and/or 10 TR3 genes into a
ti ssue (such as but not linmted to skl etal nuscle or adipose tissue) of
sai d -subj ect. Such activation would thereby treat insulin resistance in

said subject. Such treat conpri se increasi cose. u ein
osal T el Tl aisSRARN qs oY aSOIRE] kRl Sai0f of piipos sR BT 1
responsi wgjdt duﬁj%uﬁSucmﬁctﬁammatth&@oyﬂfreét higsuliR rdsHiRIO N hid Sk, SEhani ss
may al so be involved in such treatnent. In an alternate enbodlnent t he
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prevention conpri ses t e st ying a subj ect 1 n nee “such
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conposi tion containing at |east one active ingredient capable of
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subject in need of “such treatnent Ivating the M NOR and/or TR3
pat hway . Tifkfegms od acissuer @a@hmbutmhbnmsréeo sketetal tnayssle agfadipdentisspglialg a

subj ect in ec%)fucgch treatnega ?e activ t|n t he M NOR IRB gene
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the 25 expickyseventi@f naheoiMphiRimendéiagr ghicdscgaai. inl msmmereemn@lde miemes, such

i ncreased expression is accopplished by adm ni stering a conpoun
phar mac e UPSrea g H}?ﬁ]é%lsf’?%wty 1n insulin responsive tissues, or a comblnat on o t

foregoing. Other mechanisms may also be involved in such prevention.

20 The present disclosure also provides for the treatment of disease states and
conditions characterized by insulin resistance in a subject in need of such treatment by
activating the MINOR and/or TR3 pathway. The method of treatment comprises the steps
of identifying a subject in need of such treatment and activating the MINOR and/or TR3
gene pathway. In one embodiment, said activation is accomplished by increasing the

25  expression of the MINOR and/or TR3 genes. In one embodiment, such increased
expression is accomplished by administering a compound or pharmaceutical composition
containing at least one active ingredient capable of activating the MINOR and/or TR3
pathway. In an alternate embodiment, such increased expression may be accomplished by
introducing at least a portion of the MINOR and/or TR3 genes into a tissue (such as but

30  not limited to skeletal muscle or adipose tissue) of said subject. Such activation would

thereby treat at least one aspect of the disease state or condition in said subject. Such




containing at |east one active ingredient capable of activating the M NOR
and/or TR3 pathway. In an alternate enbodi nent, such increased expression
may be acconplished by introducing at |east a portion of the M NOR and/ or
TR3 genes into a tissue (such as but 30 not limted to skeletal nuscle or
adi pose tissue) of said subject. Such activation would thereby treat at

| east one aspect of the disease statellor condition in said subject. Such 11
treatment nmay conprise increasing glucose uptake in insulin responsive
tissues, _inhcreasing insuli.n sensitivity in_insulin.responsive,_.tissues, or
a combi ndF BTG T SOMPE B R IMEEES Hpt kR EinHL EPRESE 5t ved i n

such treahdi@Ring HE@iPs@BRNity dinSHASH t&pahsi BEQYY, d8Sa f@mblidaBoRogBaL i on of
di sease states and 5 conditions characterized by insulin resistance in a

subj ect iferegeipg Gthesmethapisms maylsody invpdradvn suchdreptireniy NOR and/ or TR3
pat hway. The than eSSt i.d Lf.ybkng a
subject in neg§Eg%ggﬁiﬂgggéggﬁkgoﬁggﬁggg@i?@dﬁgﬁga%ﬁgéﬁﬁ%E% ﬁgﬁ%f%# TR3
gene pat leaaditionsncharaeteandsbbly menlin resatabcadt a waltjed in insedaoiC arwhitiestneait by

i ncreasi ng,.the jon of M.NOR d/ or, TR3. genes. | n one enbodi nent,
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act i V8t i ancrdBedvoxpressidneis edggompplishedt by admimstetingn eomppart onpharinecediicdase
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foregoingw,cngr_nechanisns,nay | so _be involved in such prevention The
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20 furt hepy aEMIMiIEH 86 |sREe@l nfR8e Yr AMdRe el LPRAL JBRCARRIA CHAGBRT S agent
in conbination wth those conpounds or pharmaceutical conpositions

act i &t i rpuldithercbXORvamidit deast oPRIsprst bihy diskase olate areboditior it said $vbjeghe or
B T e
t o i dent iifgreasitfy DRuipoyadiivityain asblivatpoidie: NbNER and/@mbhdBiopasfhhay. The
conpou ndsfoge(gjgi?lltg.i E)ith%zd mechanisms may also be involved in such prevention
The methods of the treating and preventing discussed herein may also comprise
20 further administering of one or more additional therapeutic agents agent in combination
with those compounds or pharmaceutical compositions activating the MINOR and/or
TR3 pathway. In one embodiment, the one or more additional therapeutic agents
comprise metformin, sulforylurea or insulin.
Furthermore, the teachings of the present disclosure can be used to identify
25  compounds that activate the MINOR and/or TR3 pathway. The compounds identified
may thus be useful in the treatment and/or prevention methods described above. Such
compounds may be small-molecule pharmaceuticals, peptides, biologics, various non-
coding RNAs, antisense molecules and antibodies. The methods or assays for identifying
such compounds comprise providing a cell line expressing at least a portion of the

30 MINOR and/or TR3 genes, incubating said cells with a candidate compound and

measuring a response to said candidate compound. Such a response may be any response




may thus be useful in the treatnent and/or prevention nethods descri bed
above. Such conpounds may be snull -nol ecul e pharmaceuticals, peptides,

bi ol ogi cs, various non- codi ng RNAs, antisense nol ecul es and anti bodi es.
The net hods or assays for identifying such conpounds conprise providing a
cell line expressing at |least a portion of the 30 M NOR and/ or TR3 genes,

i ncubating said cells with a candi datE conpound and nmeasuring a response
to said candi date conpound. Such a response nmay be any response 12 that is
measur abl g using anal yt.i cal techniques currently knawn in t art.
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meant the compound binds to MINOR and/or TR3 via an intermediate polypeptide or
20 structure, or the compound binds to a multi-protein complex comprising MINOR and/or
TR3. The compounds identified may thus be useful in the treatment and/or prevention
methods described above. Such compounds may be small-molecule pharmaceuticals,
peptides, biologics, various non-coding RNAs, antisense molecules and antibodies. The
methods or assays for identifying such compounds comprise providing a cell line
25  expressing at least a portion of the MINOR and/or TR3 genes, incubating said cells with
a candidate compound and measuring a determining whether said compound binds to the
MINOR and/or TR3 polypeptides expressed in said cell line.
MINOR and/or TR3 genes, or fragments of these genes, may be also used
utilizing the teachings of this invention for gene therapy by introducing the desired gene
30  into the body of the patient who has or is suspected of having insulin resistance or a

disease state or condition related to insulin resistance and is therefore in need of treatment
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her ei n angsiplagboul d not be considered as-limting exanples. Furthernore, the
conpounds or pharnaceutical conpositions may be adninistered to the
subject as is known in the art 20 and determ ned by a heal thcare provider.
Certain ribaeaacsuticghompesitionsi on are provi ded herein and shoul d not be
consildered as The ePEPAYIdeaPhsrBaceutivhl chaperiien for wee ébfsoustbodsrdescribed
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degradati sho 18rn0t B tc:logsaiéere({1 as hmpung examples. Furthermore, the compounds or

pharmaceutical compositions may be administered to the subject as is known in the art

20 and determined by a healthcare provider. Certain modes of administration are provided
herein and should not be considered as limiting examples. Furthermore, the compound or
pharmaceutical composition may be administered with other agents in the methods
described herein. Such other agents may be agents that increase the activity of the
compounds disclosed, such as by limiting the degradation or inactivation of the

25  compounds disclosed or increasing the absorption or activity of the compounds disclosed.
The compounds and pharmaceutical compositions described can be used in the

form of a medicinal preparation, for example, in aerosol, solid, semi-solid or liquid form
which contains the compounds disclosed as an active ingredient. In addition, the
pharmaceutical compositions may be used in an admixture with an appropriate

30 pharmaceutically acceptable carriers. Such pharmaceutically acceptable carriers include,
but are not limited to, organic or inorganic carriers, excipients or diluents suitable for

pharmaceutical applications. The active ingredient may be compounded, for example,




25 conpounds di scl osed or increasing the absorption or activity of the
conpounds di scl osed. The conpounds and pharmaceutical conpositions

descri bed can be used in the formof a medicinal preparation, for exanple,
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not limited to, taste-enhancing agents, stabilizing agents, thickening agents, coloring
20 agents and perfumes.

Pharmaceutical compositions inay be prepared for storage or administration by
mixing a compound of the present disclosure having a desired degree of purity with
physiologically acceptable carriers, excipients, stabilizers, auxiliary agents etc. as is
known in the pharmaceutical field. Such pharmaceutical compositions may be provided

25  in sustained release or timed release formulations.

The pharmaceutical compositions may be administered orally in solid dosage
forms, such as capsules, tablets, and powders, or in liquid dosage forms, such as elixirs,
syrups and suspensions. It can also be administered parenterally, in sterile liquid dosage
forms. Furthermore, pharmaceutical compositions may be administered parenterally by

30  transmucosal delivery via solid, liquid or aerosol forms of transdermally via a patch

mechanism or ointment. Various types of transmucosal administration include respiratory




physi ol ogically acceptable carriers, excipients, stabilizers, auxiliary
agents etc. as is known in the pharmaceutical field. Such pharmaceuti cal
conpositions may be provided 25 in sustained release or tinmed rel ease
formul ati ons. The pharmaceuti cal conpositions may be administered orally in
solid dosage fornms, such as capsules, tablets, and powders, or in liquid
dosage forns, such as elixirs, syrupd and suspensions. It can al so be

adm ni stered parenterally, in sterile liquid dosage forns. Furthernore,
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mat eri al sarC@ReldBe over the former. The two components can be separated by an enteric layer

20 which serves to resist disintegration in the stomach and permits the inner component to
pass intact through the stomach or to be delayed in release. A variety of materials can be
used for such enteric layers or coatings such materials including a number of polymeric
acids and mixtures of polymeric acids with such materials as shellac, cetyl alcohol and
cellulose acetate. The active compounds may also be formulated in rectal compositions

25  such as suppositories or retention enemas, €.g., containing conventional suppository bases
such as cocoa butter or other glycerides. The solid compositions may also comprise a
capsule, such as hard- or soft-shelled gelatin type containing, for example, surfactants,
lubricants, and inert fillers, such as lactose, sucrose, calcium phosphate, and corn starch.

For intranasal administration, intrapulmonary administration or administration by

30. other modes of inhalation, the pharmaceutical compositions may be delivered in the form

of a solution or suspension from a pump spray container or as an aerosol spray




used for such enteric layers or coatings such materials including a nunber
of polyneric acids and m xtures of polyneric acids with such materials as
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sweeteners. Liquid formulations may include diluents, such as water and alcohols, for

20 example, ethanol, benzyl alcohol, propylene glycol, glycerin, and the polyethylene
alcohols, either with or without the addition of a pharmaceutically acceptable surfactant,
suspending agent, or emulsifying agent. For buccal or sublingual administration, the
composition may take the form of tablets or lozenges formulated in conventional
manners. Lozenge forms can comprise the active ingredient in a flavor, usually sucrose

25  and acacia or tragacanth, as well as pastilles comprising the active ingredient in an inert
base, such as gelatin and glycerin, or sucrose and acadia, emulsions, and gels containing,
in addition to the active ingredient, such carriers as are known in the art.

The compounds disclosed (whether alone or in pharmaceutical compositions) may
be formulated for parenteral administration. Parenteral administration includes, but is not

30  limited to, intravenous administration, subcutaneous administration, intramuscular

administration, intradermal administration, intrathecal administration, intraarticular




al cohols, either with or without the addition of a pharmaceutically
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equency of tréatment; and the effect desired. The total amount of the compound

administered will also be determined by the route, timing and frequency of administration
20 as well as the existence, nature, and extent of any adverse side effects that might
accompany the administration of the cdmpound and the desired physiological effect. It
will be appreciated by one skilled in the art that various conditions or disease states, in
particular chronic conditions or disease states, may require prolonged treatment involving
multiple administrations.
25
EXAMPLES
MINOR and TR3 Genes are Differentially Expressed in Insulin Resistance
The primary target tissues for insulin action are skeletal muscle, adipose tissue,
and the liver tissue. Skeletal muscle is the predominant target tissue for insulin-mediated
30 glucose uptake (responsible for approximately 95% of glucose uptake), and is a critical

locus of insulin resistance. Defects in glucose uptake in skeletal muscle is a predominate




20 as well as the existence, nature, and extent of any adverse side effects
that m ght acconpany the adm nistration of the conpound and the desired
physi ol ogi cal effect. It wll be appreciated by one skilled in the art
that various conditions or disease states, in particular chronic
conditions or disease states, may require prolonged treatnent involving
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focus (6-8). W found that jnsulin resistance in subjects with or wthout
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particul ar, over 100 genes coding for transcription factors were shown to
be aduat eIlgtSU&leg&@hatlmj ifgdpvidwdsi| iIn, pmtmiﬂzw ogérf 16 genssadddingefoprtemsaiption

ransor B FaE B bl dLCotink L B QR PP B o
(i.e., pskabtdemubadé ambagd tetth@aldefined subgroups. . Many of these transcription factors
expressed the zinc finger motif. Table 1 shows data (i.e., p values for statistically
significant differential expression) for two of these genes including MINOR (Mitogen-
20 Inducible Nuclear Orphan Receptor; GenBank accession number: U12767) and TR3
{GenBank accession number: L13740). Both MINOR and TR3 belong to the NGFI-B
family of orphan nuclear receptors.
MINOR (also known as NOR-1, TEC, and CHN and designated NR4A3 in the
nuclear receptor nomenclature system) is an orphan nuclear receptor originally identified
25  as a protein induced in primary cultures of rat embryonic forebrain neurons undergoing
apoptosis (9). Homology analysis of its DNA binding domain identifies MINOR as a
member of the NGFI-B family of orphan nuclear receptors together with Nurrl (also
known as TINUR, NOT, and designated NR4A2 in the nuclear receptor nomenclature
system) and TR3 (also known as Nur77, NGFI-B, and designated NR4A1 in the nuclear
30  receptor nomenclature system). The NGFI-B receptors are members of steroid/thyroid

receptor superfamily.




significant differential expression) for two of these genes including M NOR
(Mtogen 20 I nducible Nuclear O phan Receptor; GenBank accessi on nunber:
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drfferentstlaﬁﬂamrnn1ﬂ¢hﬁerenf@@a5a@rsm4-om). cell apOpt osis, and mtogenic
stinulati gn in di,itgfgrent, cell types (14-17). Tissue Specific Ex rep ssion
To det er m#ds 2 and/or TR3 regulation plays a role in insulin
resistance, theddtSSHE wheeh Mrﬂcﬁwﬁc?éﬁmﬁ‘ regurmowgﬁﬁmdmwﬁq GRO.S was

exam ned. Northern bl ot anal ysis was formmed to exam ne M NOR and TR3
gene exprfe%iiimﬁ, the rfispireasnecifih expressiork of hﬂhTDRfrﬂnstITB;i gsodsowas eagrmsl. spl een,

ki dney, Notern ﬁg}aﬁliﬁah!’s%t \%gst }')e%’,tmed to examine MINOR and TR3 gene expression
in brain, heart, skeletal muscle, colon, thymus, spleen, kidney, liver, small intestine,
placenta, lung and blood leukocytes (FIG. 1). Human multiple tissue northern blot
was purchased from Clontech (Palo Alto, CA). Each of the lanes contained mRNA
from the designated human tissue and the amount of each RNA blotted on the
membrane was normalized with a B-actin ¢cDNA control probe. The probe for
detecting MINOR gene hybridization was a 1.1 kb ¢cDNA fragment (17). The results
show that MINOR was highly expressed only in human skeletal muscle and
adipocytes, both of which comprise classic insulin target tissues. In contrast, TR3 was
expressed in skeletal muscle and adipocytes, as well as multiple other tissues (data not
shown).

MINOR and TR3 expression are reduced in skeletal muscles of diabetic rats and mice

In order to determine whether the MINOR and/or TR3 genes are abnormally
regulated in insulin resistance and/or Type 2 Diabetes, MINOR and TR3 gene expression
was analyzed in several animal models. Zucker diabetic fatty (ZDF) rats, streptozotocin

(STZ)-induced diabetic rats, db/db mice (mice that express defects in leptin receptor), and




pl acenta, lung and bl ood | eukocytes (FIG 1). Human nultiple tissue
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Since MINOR and TR3 gene expression was strongly induced by insulin

stimulation in human skeletal muscles in the microarray analysis described above (Table
1), the responsiveness of MINOR and TR3 gene expression to insulin stimulation was
examined in a&ipocytes, another major insulin target tissue. Fully differentiated 3T3-L1
adipocytes were treated with 100 nM of insulin for various times (0 to 8 hours; the 0 hour
time point served as the control and received no added insulin). The control and treated
adipocytes were lysed and the mRNAs were extracted for ¢cDNAs synthesis. A
quantitative real-time PCR was performed for detecting the expression levels of MINOR
and TR3 genes. As shown in FIGS. 3A and 3B, insulin stimulated MINOR and TR3 gene
expression (Nurrl gene expression was not stimulated; data not shown) in fully
differentiated adipocytes. FIG. 3A shows the effect of insulin on MINOR gene
expression in adipocytes and shows a rapid increase in MINOR gene expression that is
sustained over a 4 hour period. Insulin also stimulated TR3 gene expression adipocytes,
but with a different temporal response with TR3 expression levels returning to baseline

by hour 2 after treatment (FIG. 3B).




Since M NOR and TR3 gene expression was strongly induced by insulin
stinmulation in human skeletal nuscles in the mcroarray anal ysis descri bed
above (Table 1), the responsiveness of M NOR and TR3 gene expression to
insulin stinmulation was exam ned in adi pocytes, another major insulin
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show that M NOR and. T
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insulin signal transduction cascade.

Thiazolidinediones {TZDs) induce MINOR and TR3 in 3T3-L1 adipocvies

Next, the effect of several drugs in the thiazolidinedione class of insulin
sehsitizing drugs, namely troglitazone and pioglitazone, were examined for their ability
to induce MINOR and TR3 gene expression in 3T3-L1 adipocytes. The
thiazolidinediones (TZD) and thiazolidinedione-like drugs are known to improve insulin
resistance and are used as a treatment for diabetes in animal models and patients (22).
These drugs reduce plasma glucose and concomitantly lower hyperinsulinemia by
improving the stimulation of muscle glucose uptake and the inhibition of hepatic glucose
production by insulin. The antidiabetic actions of TZDs and TZD-like drugs are due to
the activation of the peroxisome proliferator-activated receptor gamma (PPARy) (23), a
member of the nuclear receptor superfamily of transcription factors (24). TZD agonists of

PPARy have an effect on glucose disposal which is typically thought to occur in the




insulin responsive genes and are expressed in a specific target of insulin
action (i.e. adipocytes). Furthernore, the results show that the insulin
responsrve increase in gene expression can be bl ocked, at |east partially,
with well characterized inhibitors of the insulin signal transduction
cascade. Thi azolidi nedi ones (TZDs) induce M NOR and TR3 in 3T3-L
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real - t i meeRCekpressiouseddipocyte cells. Expression of these genes was unaffected in control
cells over these time courses. Therefore, MINOR and TR3 were induced by
thiazolidinedione drugs, which are used to increase insulin sensitivity in humans.

MINOR enhances insulin action on glucose uptake in 3T3-L1 adipocvtes

To identify the biological or functional effects of increased MINOR gene
expression, recombinant MINOR lentivirus vectors were generated and used to stably
transduce 3T3-L1 adipocyte cell lines. Several MINOR lentiviral vectors were generated.
The MINOR cDNA sequences used are designated as follows: (i) MINOR ; (ii) MINOR
2 ; (1)) MINOR L1 ; (iv) MINOR L2 ; and (v) MINOR L3. These constructs contained
full-length MINOR coding sequences as follows: sequences 183 to 1971 for M1 and M2;
sequences 100 to 1971 for ML1, ML2 and ML3 (17). In each case, fusion cDNAs were
created through the addition of a V5 epitope tag, and were cloned into a ViraPower-CMV
vector (Invitrogen). The recombinant lentiviral plasmids and a control lentiviral LacZ
gene construct were transfected into HEK293 cells to generate the recombinant

lentiviruses. X-gal staining was performed to confirm that the HEK293 cell transfection




measure expression levels of MNOR (FIGS. 4A and 4B) and TR3 (FIGS. 4C and
4D) genes. FIGS. 4A-D show that troglitazone and pioglitazone stinmulate
M NOR and TR3 gene expression in adipocyte cells. Expression of these
genes was unaffected in control cells over these tinme courses. Therefore,
M NOR and TR3 were induced by thiazolidinedione drugs, which are used to
increase insulin sensitivity in humam3 M NOR enhances insulin action on
gl ucose uptake in 3T3-LlI adipocytes To identify the biol ogical or
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step in insulin's abrlity to stinmulate glucose uptake ahd netabolism
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responsi V ?n%sf.or 1%51 ﬂ\l: %‘Eépgrrllseogurves glucose transport responses were markedly
enhanced over the full range of insulin concentrations in MINOR-transduced cells,
without changes in the insulin EDs, for glucose transport stimulation (data not shown).
FIGS. 6A-6D show that MINOR gene expression increases the ability of insulin
stimulation to recruit the GLUT-4 glucose transporter to the plasma membrane of
adipocyte cells. These experiments use the “plasma membrane lawn’ technique (26) to
- quantify the relative amounts of GLUT4 glucose transporter proteins in the cell surface
plasma membrane. MINOR gene transduced 3T3-L.1 fibroblasts and control LacZ
transduced fibroblasts were grown on glass cover slips and differentiated into adipocytes.
In these experiments, the full-length MINOR constructs were used (similar results were
obtained for the vectors containing MINOR nucleotides 183-1971 and 100-1971).
Adipocytes were then stimulated for 30 min with or without (basal) 100 nM of insulin.

The adipocytes were then washed, and disrupted by sonication leaving and plasma

membrane sheets attached to cover slips. Plasma membrane associated GLUT4 was




t he glucose transport system As shown in FIG 5, insulin's ability to

maxi mal ly stinulate glucose uptake in fully differenti ated adi pocytes was
i ncreased over 80% (P < 0.01) in the M NOR overexpressing cells when
conpared with control LacZ overexpressing adi pocytes. This was true for
all 5 stably transduced M NOR-expressing cell lines. In full-dose response
curves, glucose transport responses wefe markedly enhanced over the full
range of insulin concentrations in M NOR-transduced cells, wthout changes
in the insulin ED50 for glucose transport stinulation (data not shown).
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and TR3 have a functional role in increasing insulin sensitivity.  Specifically,

theexamples demonstrate that: 1) MINOR expression is limited to insulin target tissues,
muscle and fat, while TR3 is also expressed in these tissues as well as being more
ubiquitously expressed; 2) the expression of the MINOR and TR3 genes are consistently
decreased in muscle from rodent models of insulin resistance, Type 2 Diabetes, and
obesity; 3) MINOR and TR3 are induced by insulin in 3T3-L1 adipocytes via signal
transmission through metabolic pathways used in insulin-mediated signal transduction
(PI3-kinase, p38MAP kinase and PKC); 4) MINOR and TR3 are induced by
thiazolidinedione insulin-sensitizing drugs in 3T3-L1 adipocytes; 5) in lentiviral vector
stably-transduced adipocyte cell lines, MINOR expression markedly augments insulin
sensitivity for stimulation of glucose transport and 6) increased MINOR expression leads
to increased stimulation of glucose transport as a result of increased mobilization of the
GLUT4 glucose transporter proteins to the cell surface of insulin-responsive cell types.
These results demonstrate that insulin resistance is associated with reduced

expression of MINOR and TR3 genes. Furthermore, the present disclosure demonstrates




The above exanpl es denonstrate that the MNOR and TR3 genes are insulin
responsi ve genes and that the M NOR and TR3 genes are differentially
expressed as a function of insulin resistance and Type 2 Di abetes in
humans and a variety of well characterized aninal nodels. Furthernore, the
present disclosure shows that MNOR and TR3 have a functional role in
increasing insulin sensitivity. Speci?ﬁca]ly, t heexanpl es denonstrate
that: 1) MNOR expression is limted to insulin target tissues, nuscle and

fat, whil R3 .is,al so sed-.Ln these tissues as well as.,heing nore
Lt ot ¢ ol s adio s SENGER BT TR bl Bhres R R R e e e o
consi st elifidulin retaarRased 4 orfspdideng ineRaseoeinbuliiDstakiSvief bl RabdncingrtBsi st ance,

Type 2 Di,abetes, and obesity; 3) MNOR and TR3 are induced by insulin in
3T3- LI adpybeyiedinisd deaggngs i gluegsg fiom s plords hr ough met abol i ¢ pat hways used

i n insulin-nedi Si UGl | 3-Ki i and
PKO); 4) M Nohelefle Maek %‘%‘ggﬁdgﬁy%ﬁ Ve, i RS ShorBolalE Rafte R
i nsul i n- sembiting insgirdresiginiar PFGficdllyadeipatipn @f MBJOR and diR3 pithahy bect or

stabl y-transduged. adi pocyt ell lines, M expression nmarkedl y augnents
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of M NOR and genes. Furthernore, the present "disclosure denonstrates 25
that the agpioaeht dei the GratvenORfanguiRIcgjenrcce vpr dissborstaemn opr oviddna mar ked
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targets for copbat.ing insulin pesistapce. Specifically, actjvation of

M NOR an&l¢ﬁ§5=p£‘?ﬁ9@9ﬁﬁygbe§}%llpfeﬁa}%c‘&ﬁ%mﬁﬁ@m]é%@ﬁ% or, BflagaRiy ¢

nani pul atdigeRses,0AIZBYinRE B QliscBRAAFHH BRI SS WMcPosRlerRRWcAIRBvEIIRE UiskRe aRBr 0oach to
the treatnment of insulin resistance or disease states or conditions

char act erPeplerdyasoykaydispaseesi st ance. Furthernore, activation of downstream

signal i ng- eventsqungleat S MiubR% VNTRANGAGE T3 RALINAY hcleoyg new and

effective approa to’the treatnen I"nsul I'n resi st ance I sease
st at es ortregtmrdi tahd seveatianr af tissulinegtsibyndensnd ihe dissdss tstaeseandl hasktichs sease

states an ar%gtgr(iléetdi b%nﬁlsdlﬂlclle%gt%hce?%}ﬁgf and TR3 can be also utilized for screening
new therapeutic agents for treatiﬁg insulin resistance and disease states and conditions
characterized by insulin resistance. Such new therapeutic agents include, but are not
limited to, synthetic or endogenous ligands for MINOR and TR3. Similarly, MINOR and
TR3 could provide the basis for identifying downstream molecular events that mediate
desirable therapeutic effects. For example, a search for genes regulated by MINOR and
TR3, or factors that interact with the corresponding encoded proteins, could identify new
drug targets or therapeutic approaches. The advances in the understanding of the
molecular pathways that underlie MINOR or TR3 expression, gene regulation by these
transcription factors, and related cellular effects could potentially point to a number of

new opportunities for therapeutic intervention.
The foregoing description illustrates and describes the compounds of the present

disclosure. Additionally, the disclosure shows and describes only certain embodiments of

the compounds but, as mentioned above, it is to be understood that the teachings of the




not limted to, netabolic syndrome, pre-diabetes, polycystic ovary
syndrone, type 2 diabetes, dyslipidem a, obesity, infertility,

i nfl ammat ory di sorders, cancer, inflamatory diseases, Al zheiner's

di sease, hypertension, atherosclerosis, cardiovascul ar di sease and

peri pheral vascul ar di sease. As disclosed , in addition to constituting new
direct therapeutic targets for the t#®atment and prevention of insulin
resi stance and the di sease states and conditions characterized by insulin
resi stance and TR3 n be also.utilized for screenjng. new

{ her apeurreeetgiietord bR woSe e drrin b Siomtteidit AR A o5 and
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nb f
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descri begefdhie APRRILHASCiRE HeRfh BESR@Rorattd BF LRI E s ﬁfkqil§ LR Hothik he

di scl osure shows and describes only certain enbodi nents © e conpounds
but, as miseldseieed above, it is to be understood that the teachings of the
26 present disclosure are capable of use in various other conbinations,

nodi fications, and environnments and is capabl e of changes or nodifications
within the scope of the inventive concept as expressed herein,:
commensurate with the above teachings and/or the skill or know edge of the
rel evant art. The enbodi nents descri bed herei nabove are further intended
to expl ain best nodes known of practicing the invention and to enable
others skilled in the art to utilize the invention in such, or other,

enbodi ments and with the various nodifications required by the particular
applications or uses of the invention. Accordingly, the description is not
intended to limt the invention to the formdisclosed herein. Al
references cited herein are incorporated by reference as if fully set forth
in this disclosure.
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31 CLAI M5 What
resistance in a subject,

is clained:

need of said treatnent or

gene selected fromthe group

said nethod conprising identifying a subject
prevention and activating an insulin responsive
consisting of MNOR TR3 and M NOR and TR3.

2. The nethod of claim1l where said activating is acconplished by

adm ni stering a conpound whi ch activat®s said insulin responsi ve gene.

3.

1. Anethod for treating or preventing insulin
in

The nethod of claim1 where said activation is acconplished by introducing

at
subj ect

increased. 4. The nmethod of claim FABIK & said tissue is skel etal
tkﬁsue. 5. The nmethod of claim1 further

groagray JHauits Comersipe (iepe Fapesseion én Shglefak
claim5 where sai %&@W@%Emlﬁ ﬁ%&&ﬁ#%h&ﬁ?@ﬁ‘bné&tﬁ%ﬁﬁ&nﬁd

consisting of netformn,

adi pose
at | east

such that the expression of said insulin responsive gene is

sul

forylurea and

nsul

CO

In

nmuscl e

| east a fragnment of said insulin responsive gene into a tissue of said

or

ri sing adnlnlsterlng

de Amane Ipdinget hod of
fromthe group
7. A nethod for treating

or preventing a di mEalues for atasistiedlycignifichnit diftdrential expiessiemce i n a subj ect,

said nmethod conprising identifying a subject
prevention and activating an insulin responsive gene

in need

of said treatnment or
selected fromthe

group cgnsistingjof M NORBadf and M NCR and B4sal 8. The mhnﬁcg@huﬁtgﬂm 7
where sdid activating is a onpllshed Sghé%ering a com?%gﬂg
activatgs said insulin r. ijﬂSl gene. hod of cl ai ere said
acti vat ilon_is_acdonghsulin lﬂth dudqi ng at |east a fragnent of sajd

i nsulin |responsi e dgne i ntlB a It i DMie |dIS iR 5I8jwcDB 5U8hvs Hat| KSwes DB
expr essilon—of saildinsullin-res nsive gene LS ncreased 10, Tha nmet hod of
claim9 sai|d"G0lsse0348 sklePBIG er%Sél e of %4& pose tq()%%ue. 43 The
et hod qgfygdarm 1 I 3004 e ggaPT | Bi gog@ i ste[{@yg at ¢ ome mday y
therapeuﬁic agent| to saild subj elct §p@%2. he net hod of cla|n1 1 where said

secondary therapeutic agent

is selected

et form Notz! lIé griXslu&Ji%esgnsa}g% als I'gissslélssed by clamp study and normoglycemic; IR =

insulin resistant as assessed by clamp study and normoglycemic; DB = insulin-
resistant patients with untreated Type 2 Diabetes. NS = not significant.
Bold type indicates conditions being compared.

fromthe group consisting of




13. The nmethod of claim 7 where said disease state associated with insulin
32 resistance is selected fromthe group consisting of. netabolic syndrone,
pre- diabetes, polycystic ovary syndrone, type 2 diabetes, dyslipidem a,
obesity, infertility, inflammatory disorders, cancer, inflanmtory

di seases, Al zheiner's disease, hypertension, atherosclerosis,

cardi ovascul ar di sease and peripherafl vascul ar disease. 14. A nethod for

i dentifying a conpound which activates an insulin responsive gene, said
met hod c ‘%hgéng: a. providing a cell expressing at |east a portion of
sai d i nsuflf sponsive gene, said gene selected fromthe group consisting
of : M NORyhdtRSclaimtkd: M NOR and TR3; b. incubating said cell with said
compound and; c¢. neasuring a.response to said compound. 15. The nmet hod of
claim 14 whére séi @eﬁhéépf@hg@aﬁl@ 8h Preveriang nsphn rpdstaneprigsa jsgbiectosaidt | east

one of M NOR or JRRod 1&mp-mﬁl nﬁeﬁﬂglrg _aC gl%_]é@t 14 wWher of sald teSRRAN T i's

sel ected fromthe group “consistin an-increase in the expression of a
pol ypepti de encopteverbipn sad dctiviatisg b msnbs paspeisive gaassleded fromrtbagmupn t he
activity of a pol ypepti b g i in responsive gene, a
functi onal respo% g”ﬁ@ﬁ%ﬁ%@ﬁﬁggfgaFﬂ¥Vﬁ§Qﬂﬁwﬁ sponsi ve gene. 17. The

met hod of cRai m The whethed Saf CldinCl | Whét EAS PRGNS B alcdaplisieae bpf the
responses selected fromthe group cansisting of, increased gl ucose uptake,
i ncreased expr es¥TYAISKFING 2CPRAQVBWWIHEh actiyates e inguly) fgeressive 8¢St at i on

increased granstRcakingd o@fcmﬁntlr@ﬁ@peaia%ﬁ"}a@sggg\;nsgoirngna{ea%gggtr&%%%at ion to

the cell nenbrane and increased activity o tream si trafsduction
pat hways regul attdenshy frsginentiof saitliimsutin sgsporssivecgege indo a 1i8sue T eaidwbljedt of
claim17 where sgjdtr 19. .A nethod for

identifying a conpounaa%§%$%$§§%é€%ﬁié%¢%ﬁ?%%ﬁnéog%%ﬁéggﬁ?an of insulin
resi stance, 4sai dThembihdd ob¢ipitd 3 ivheretshid tisfirfis sHelated inflstle ok Bdpavaeishiel t he
compound Tneracks, Widod b oY PERLIES Bomprising Mmiisiome o€ 1ost e ' O™ L1
secondary therapeutic agent to said subject.
6. The method of claim 5 where said secondary therapeutic agent is selected
from the group consisting of metformin, sulforylurea and insulin.
7. A method for treating or preventing a disease state associated insulin
resistance in a subject, said method comprising identifying a subject in need
of said treatment or prevention and activating an insulin responsive gene
selected from the group consisting of MINOR, TR3 and MINOR and TR3.
8. The method of claim 7 where said activating is accomplished by
administering a compound which activates said insulin responsive gene.
9. The method of claim 7 where said activation is accomplished by introducing
at Jeast a fragment of said insulin responsive gene into a tissue of said subject
such that the expression of said insulin responsive gene is increased.
10.  The method of claim 9 where said tissue is skeletal muscle or adipose tissue.
I1.  The method of claim 7 further comprising administering at least one
secondary therapeutic agent to said subject,
12 The method of claim 11 where said secondary therapeutic agent is selected

from the group consisting of metformin, sulforylurea and insulin.

13. The method of claim 7 where said disease state associated with insulin




group consisting of. MNOR TR3 and M NOR and TR3. 20. The nethod of claim
19 where said binding is a direct binding or an indirect 33 binding. 21. A
nmet hod for treating or preventing insulin resistance, said nethod
conprising adm nistration of a therapeutically effective anount of a
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The method of claim 14 where said response is an increase in the expression

of at least one of MINOR or TR3.

16. . The method of claim 14 where said response is selected from the group
consisting of: an increase in the expression of a polypeptide encoded by said
insulin responsive gene, an increase in the activity of a polypeptide encoded
by said insulin responsive gene, a functional response mediated by said insulin
responsive gene.

17.  The method of claim 16 where said functional response is at least one of the
responses selected from the group consisting of: increased glucose uptake,
increased expression of a transporter involved in glucose regulation, increased
translocation of a transporter involved in glucose regulation to the cell
membrane and increased activity of downstream signal transduction pathways
regulated by said insulin responsive gene.

18.  The method of claim 17 where said transporter is a GL.UT4 transporter.

19. A method for identifying a compound useful for the treatment or prevention of

insulin resistance, said method comprising the step of determining whether the

compound interacts with the polypeptide product of a gene selected from the
group consisting of: MINOR, TR3 and MINOR and TR3.

20.  The method of claim 19 where said binding is a direct binding or an indirect




effective anount of a conpound which was identified by the nethod of claim
24 to a subject in need of said treatnent or prevention. 28. The nethod of
claim 27 where said di sease state associated with insulin 34 resistance is
selected fromthe group consisting of. netabolic syndrome, pre- diabetes,
pol ycystic ovary syndrone, type 2 diabetes, dyslipidem a, obesity,
infertility, inflammuatory disorders, %ﬁncer i nfl ammatory di seases,

Al zhei ner' s di sease, hypertension, atherosclerosis, cardi ovascul ar di sease
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24. A method for identifying 2 compound useful for the treatment or prevention of
a disease state associated with insulin resistance, said method comprising the
step of determining whether the compound interacts with the polypeptide
product of a gene selected from the group consisting of: MINOR, TR3 and
MINOR and TR3.

25.  The method of claim 19 where said binding is a direct binding or an indirect
binding.

26.  The method of claim 24 where said disease state associated with insulin
resistance is selected from the group consisting of: metabolic syndrome, pre-
diabetes, polycystic ovary syndrome, type 2 diabetes, dyslipidemia, obesity,
infertility, inflammatory disorders, cancer, inflammatory diseases,
Alzheimer’s disease, hypertension, atherosclerosis, cardiovascular disease and
peripheral vascular disease. '

27. A method for treating or preventing a disease state associated with insulin
resistance, said method comprising administration of a therapeutically
effective amount of a compound which was identified by the method of claim
24 to a subject in need of said treatment or prevention.

28. The method of claim 27 where said disease state associated with insulin
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resistance is selected from the group consisting of: metabolic syndrome, pre-
diabetes, polycystic ovary syndrome, type 2 diabetes, dyslipidemia, obesity,
infertility, inflammatory disorders, cancer, inflammatory diseases,
Alzheimer’s disease, hypertension, atherosclerosis, cardiovascular disease and
peripheral vascular disease.

A method for identifying a compound useful for the treatment or prevention of
a disease state associated with insulin resistance, said method comprising the
step of determining whether the compound activates a gene selected from the
group consisting of: MINOR, TR3 and MINOR and TR3.

The method of claim 29 where said disease state associated with insulin
resistance is selected from the group consisting of: metabolic syndrome, pre-
diabetes, polycystic ovary syndrome, type 2 diabetes, dyslipidemia, obesity,
infertility, inflammatory  disorders, cancer, inflammatory diseases,
Alzheimer’s disease, hypertension, atherosclerosis, cardiovascular disease and
peripheral vascular disease.

A method for treating or preventing a disease state associated with insulin
resistance, said method comprising administration of a therapeutically
effective amount of a compound which was identified by the method of claim

29 to a subject in need of said treatment or prevention.

" The method of claim 31 where said disease state associated with insulin

resistance is selected from the group consisting of: metabolic syndrome, pre-
diabetes, polycystic ovary syndrome, type 2 diabetes, dyslipidemia, obesity,
infertility, inflammatory disorders, cancer, inflammatory diseases,
Alzheimer’s disease, hypertension, atherosclerosis, cardiovascular disease and

peripheral vascular disease.




